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Fungal inhibition in four commonly used agar media was improved by substituting natamycin (pimaricin) for
cycloheximide. The recovery of bacteria was not affected by natamycin, whereas fungal contamination from a
variety of samples was significantly suppressed. Furthermore, natamycin lacks the occupational health hazards
of cycloheximide. Medium-dependent natamycin degradation occurred during the preparation and refriger-
ated storage of agar plates, but the addition of natamycin at 21.6 ,ug/ml resulted in effective residual activity.

Enumeration of bacteria from environmental samples by
the spread plate technique is usually performed by using agar
media containing the fungicide cycloheximide (actidione) (1,
24). However, the use of cycloheximide has drawbacks; it is
genotoxic (clastogenic but not mutagenic) in several test
systems (2), has reproductive toxicity effects, and can cause
contact dermatitis (5, 9, 13, 17, 20).
Among possible alternatives to cycloheximide is natamy-

cin (pimaricin), a polyene antifungal antibiotic produced by
Streptomyces natalensis. The antifungal activities of nat-
amycin and other polyenes are dependent on their binding to
cell membrane sterols, primarily ergosterol, the principal
sterol in fungal membranes, thereby making them leaky (3,
11, 21). Bacteria are not susceptible to natamycin since their
membranes are devoid of sterols (14, 21), and accordingly,
reported MICs of natamycin against bacteria are high
(>10,000 Fg/ml) (6). Naturally occurring fungal resistance to
natamycin is rare (3); the level of resistance is low compared
with that to cycloheximide (23) and does not increase during
exposure to natamycin (7, 8). The use of natamycin in the
prevention of the growth of molds on certain cheeses and
sausages is permitted in many countries (4, 6, 25).
The objective of the present study was to compare fungal

inhibitions and recoveries of specific bacteria from soil on
natamycin- and cycloheximide-containing agar media. Also,
we examined the stability of natamycin during the prepara-
tion and refrigerated storage of four commonly used agar
media.

Inhibition of fungi. Four commonly used agar media,
Luria-Bertani (LB) (12), nutrient agar (NA; Nutrient Broth
[Difco Laboratories, Detroit, Mich.] plus 15 g of agar per
liter), yeast-peptone-dextrose (pH 4.5) (YPD) (22), and Mi-
cro Assay Culture Agar (MACA; Difco) were prepared
devoid of fungicide and with the addition of either cyclohex-
imide (Sigma Chemical Co., St. Louis, Mo.) or natamycin
(Gist-Brocades, Delft, The Netherlands) in settings pro-
tected from UV light. Cycloheximide was added at 25 pg/ml
(1) from filter-sterilized, frozen (-20°C) stocks containing
6.25 mg of cycloheximide per ml of distilled water. Natamy-
cin was added at 21.6 ,ug/ml on the basis of published fungal
MICs (8, 14, 15) from refrigerated stocks containing 0.864
mg of natamycin per ml of methanol. When the melted agar
medium had cooled to about 50°C, the fungicides were added
and the plates were poured immediately. Spore suspensions
containing 10i conidia per ml were prepared from seven
fungal strains propagated on YPD as described by Rusul and
Marth (19). The plates were inoculated with 10 Vl of spore
suspension (three spots on each of two plates) and incubated

at 30°C. Colony diameters were measured on the plates after
3 and 7 days. Each experiment was repeated two or three
times. Data were analyzed by analysis of variance and mean
separation procedures by using the program SAS/STAT
version 6.04 (Statistical Analysis Systems, SAS Institute,
Cary, N.C.).

Fungal colony growth (Table 1) was significantly influ-
enced by fungal strain, fungicide treatment, and medium (P
< 0.0001); interactions between these parameters were also
significant (P < 0.0001). Growth of all fungi on the four
natamycin-containing media was inhibited relative to that on
untreated or cycloheximide-containing plates on day 7, while
only five of seven fungi (Aspergillus niger, Geotrichum
candidum, Geotrichum sp., Penicillium commune, and Pen-
icillium roqueforti) were significantly inhibited by cyclohex-
imide. Although more effective inhibition of growth by
natamycin was noted when the plates were read earlier, the
present experiments were extended for 7 days to test nat-
amycin in a worst-case situation. Only two of the seven
fungi, i.e., Penicillium chrysogenum and Aspergillus fiavus,
could grow on natamycin-containing plates. Until day 2,
inhibition of these two strains with natamycin was complete;
from day 3, inhibition was highly variable but significantly
influenced by strain and medium (Table 2). A high tolerance
to natamycin has previously been reported for A. flavus (6,
16).

Test for degradation of natamycin. The four agar media
were prepared with the addition of 21.6 p.g of natamycin per
ml, and the plates were stored at 6°C in the dark. The
natamycin concentration was determined immediately after
preparation and after 2, 4, and 8 weeks in duplicate samples
by use of a procedure developed for cheese (10); two discs of
agar were cut from each of three plates and pooled, ex-
tracted with 80% methanol, cleaned by solid-phase extrac-
tion (Sep-Pak cartridge, C18), and analyzed by high-perfor-
mance liquid chromatography. Natamycin was determined
by UV absorption at a X of 303 nm.
The natamycin decomposition rate was medium depen-

dent and occurred both during medium preparation and
during storage (Fig. 1). Analysis of variance showed that
natamycin stability in all four media (absolute or relative to
day 0) was different at the 1% level (Duncan's multiple-range
test), the order of decreasing stability being NA, MACA,
YPD, and LB. The rate of natamycin degradation in LB was
subsequently confirmed by a repeat experiment.
Natamycin losses during plate preparation (average of two

experiments) were 11% for NA, 28% for MACA, 34% for
YPD, and 40% for LB. Degradation during storage (6°C)
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TABLE 1. Colony diameter of fungi grown for 7 days on media
devoid of fungicide (untreated) or containing natamycin

or cycloheximide

Colony diam (mm)'

Fungus Un Cyclo- NatanU-heximide Ntmycin
treated treated treated

A. flavus SNACC 7A 44 ± 6 46 ± 5 19 ± 10 24/24/48C
A. niger IBT 3256 43 ± 8 8 ± 13 0 60/66/72c
G.candidum IL 25±3 23±5 0 48
Geotnichum sp. strain ASI 25 ± 3 22 ± 3 0 48
P. chrysogenum 3 33 ± 9 33 ± 8 18 ± 16 72
P. commune IBT 3429 14 ± 2 12 ± 2 0 48
P. roqueforti IBT PV 12 ± 3 4 ± 6 0 72

a Values are means + standard errors of the means and are averages of six
determinations on four media, repeated two or three times. Values connected
by horizontal bars are not significantly different (P > 0.05, Duncan's multiple-
range test).

b Number of observations in each treatment.
c Different numbers of observations in treatments as indicated (untreated/

cycloheximide/natamycin) due to missing values from one replicate experi-
ment.

could be described by first-order kinetics (r2, -0.9) but was
better described by the equation y = a Vx + b, where y is
the natamycin concentration and x is the time (r2 -0.97).
This equation predicts that the half-lives of natamycin were
17 days for LB, 31 days for YPD, 41 days for MACA, and
134 days for NA. This pattern of medium-dependent degra-
dation was in agreement with the pattern of fungal inhibition
on the four media (Table 2).

Surprisingly, natamycin was degraded during medium
preparation. Natamycin is considered to be stable even
when heated to 100°C for short periods (17). It is known that
chemical oxidants and UV light cause rapid degradation of
natamycin in aqueous solution (15). The observed degrada-
tion was probably due to chemical degradation that is
accelerated at 50°C. In food applications, natamycin degra-
dation is of little importance because crystalline natamycin is
used; this provides longer protection when the fungicide is
slowly released (solubility in water is about 50 ,ug/ml [3]).
Enumeration of bacteria from soil. Strains of Enterobacter

cloacae and Pseudomonas fluorescens resistant to nalidixic
acid were inoculated into triplicate microcosms containing
60 g of a soil/sand mixture (1:1) at 2 x 105 cells per g and
incubated at 20°C for 7 days. Bacteria were enumerated in
duplicate by using LB plates containing nalidixic acid (500
jig/ml) and either cycloheximide or natamycin (prepared as
described above). Plates were incubated at 30°C overnight
(E. cloacae) or for 2 days (P. fluorescens). Colony counts

TABLE 2. Mycelial growth inhibition of P. chrysogenum 3 and
A. flavus SNACC 7A on natamycin-containing agar plates

relative to untreated controls (18)

% Inhibition (mean + SEM)a
Medium

P. chrysogenum A. flavus

NA 74 ± 35a 100 ± Oa
YPD 62 ± 39b 77 ± 25b
MACA 61 ± 34b 62 ± 22c
LB 57 ± 39b 59 ± 32c

a Means with the same letter are not significantly different (P > 0.05,
Duncan's multiple-range test). The numbers of observations in each treatment
were 30 for P. chrysogenum (days 3 and 7) and 12 for A. flavus (day 3).
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FIG. 1. Natamycin concentration in four different agar media to
which 21.6 ,ug of natamycin per ml had been added to the molten
agar. Samples were taken immediately after the plates had hardened
(day 0) and at intervals during refrigerated storage. Each value
represents pooled samples from three agar plates. The concentra-
tion-time relationship is described by the regression curvey = a V\
+ b (y is the natamycin concentration and x is the time) (average r2,
-0.97). Symbols: Cl, NA; *, MACA; A, YPD; *, LB.

were converted to CFU per gram of dry matter. No signifi-
cant differences were observed between bacterial counts on
the two media (P > 0.05, Duncan's multiple-range test;
Table 3), and there was no fungal growth on the plates. This
agrees with the general finding that natamycin does not
inhibit bacteria (6, 14, 21).

Since the completion of the above experiments, natamy-
cin-containing agar media have been used successfully in our
laboratory for the enumeration of bacteria in soil, cattle
dung, and earthworm casts and on bean and barley leaves

TABLE 3. Enumeration of bacteria from soil microcosms
on LB medium containing nalidixic acid and either

cycloheximide or natamycin

Log CFU/g of dry soila
Addition to E. cloacae A107 P. fluorescens
medium

Expt 1 Expt 2 Expt 1 Expt 2

Natamycin 5.92a 5.61a 6.05a 6.04a
Cycloheximide 5.85a 5.65a 6.03a 6.01a

a Values are means n = 6 (two plates from each of three microcosms).
Values within a column followed by the same letter are not significantly
different (P > 0.05) by Duncan's multiple-range test.
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from fields and microcosms (data not shown). These exper-
iments suggest that natamycin is an efficient suppressor of
fungal contamination on agar plates, enabling enumeration
of the bacteria of interest.

In conclusion, the substitution of natamycin for cyclohex-
imide in agar media is advantageous because its antifungal
activity has been shown to be significantly higher than that of
cycloheximide and natamycin lacks the occupational health
hazards of cycloheximide. In addition, natamycin does not
affect recovery of bacteria from soil.
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